The transcription factor NF-B p65 is a key regulator in the regulation of an inflammatory response and in the pathology of atherosclerosis. However, there is no direct evidence for the role of NF-B in macrophages in the development of atherosclerosis. We investigated whether macrophage overexpression of p65 in apoE-knockout mice could improve atherosclerosis. Transgenic (Tg) mice overexpressing p65 in macrophages were generated by crossing fatty acid-binding protein 4 (aP2) promotercontrolled p65 mice with apoE-knockout (KO) mice. Tg mice exhibited functional activation of NF-B signaling in macrophages and fat tissues. We observed that the atherosclerotic lesion was 40% less in the Tg mice compared with the apoE-KO controls fed a standard atherogenic diet for 16 wk (n ϭ 12). The Tg mice were leaner from reduced fat mass by increased energy expenditure. Moreover, the overexpression of p65 in macrophages suppressed foam cell formation. Our results show that there is 1) an increased fatty acid oxidation in macrophages, 2) a reduced scavenger receptor CD36 expression and lipid accumulation in microphages, 3) reduced-inflammation cytokines in serum, and 4) enhanced energy expenditure in Tg mice. Our data suggest that activation of NF-B in macrophages has atheroprotective effects in mice by enhancing lipid metabolism and energy expenditure. nuclear factor-B; apolipoprotein E; inflammation; atherosclerosis; lipid metabolism; macrophages; energy expenditure ATHEROSCLEROSIS IS A PROGRESSIVE DISEASE characterized by the accumulation of lipid in the arterial wall, which is known to be driven by inflammatory processes (1, 26, 33) . The early atherosclerotic lesion develops from foam cells, which are derived from the accumulation of cholesterol-engorged macrophages (29, 31, 34) . In response to excess unmetabolized lipoproteins deposited in the arterial wall, blood monocytes are recruited and developed into macrophages in the intima. The foam cells are formed when the macrophages do not have the capacity to remove the lipid. The excess of oxidized low-density lipoprotein (oxLDL) particles induces cell death, including the foam cells, which causes the formation of the necrotic extracellular lipid core in lesion progression (1, 26, 33) .
ATHEROSCLEROSIS IS A PROGRESSIVE DISEASE characterized by the accumulation of lipid in the arterial wall, which is known to be driven by inflammatory processes (1, 26, 33) . The early atherosclerotic lesion develops from foam cells, which are derived from the accumulation of cholesterol-engorged macrophages (29, 31, 34) . In response to excess unmetabolized lipoproteins deposited in the arterial wall, blood monocytes are recruited and developed into macrophages in the intima. The foam cells are formed when the macrophages do not have the capacity to remove the lipid. The excess of oxidized low-density lipoprotein (oxLDL) particles induces cell death, including the foam cells, which causes the formation of the necrotic extracellular lipid core in lesion progression (1, 26, 33) .
Transcription factor nuclear factor-B (NF-B) integrates multiple processes in the formation of atherosclerotic plaques (6, 40) . Activated NF-B is present in the atherosclerotic lesion (3) and in the coronary vasculature in experimental hypercholesterolemia (26, 39) . There was a colocalization of atherosclerosis and increased levels of components of the NF-B system in mice (6, 16) . All of these indicate that NF-B is implicated in atherosclerosis. NF-B has been considered as a proatherogenic factor mainly because of its regulation of many of the proinflammatory genes linked to atherosclerosis (6) . NF-B may also play an important role by possibly affecting the pro-and antiinflammatory balance in atherosclerosis, as NF-B regulates expression of a broad spectrum of genes (35) . Its activity is found in many types of cells, including adipocytes and macrophages (17, 36) . The common form of NF-B contains two subunits: p65 (RelA) and p50 (NF-B1). p65 contains the transactivation domain and mediates transcriptional activation of target genes. p50 usually inhibits the transcriptional activity of p65, and the inhibition disappears in the p50-knockout (KO) mice (11) . However, there is no direct evidence that p65 in macrophages leads to atherosclerosis. In the current study, the NF-B activity is enhanced in fat and macrophages with aP2 promoter-controlled p65 in apolipoprotein E (apoE)-KO transgenic (Tg) mice. The atherosclerosis was then evaluated in the Tg mice.
The differentiation of monocytes to macrophages is characterized by increased expression of two major scavenger receptors on the surface of cells: scavenger receptor class A (SR-A) and CD36 (2, 6, 9) . They mediate the scavenging of modified lipids from the vessel wall, thereby facilitating the process of foam cell formation. The role of NF-B in the scavenging of modified lipids or foam cell formation has not been studied extensively. It was shown that in the absence of p50, activated macrophages take up less modified LDL because of downregulation of SR-A (22) . However, detailed analyses of the exact function of NF-B p65 in foam cell formation are still lacking. We have reported that p50-KO and aP2-p65 overexpression mice have increased energy expenditure and prevented high-fat diet-induced obesity. In these two mouse strains inflammation was elevated, and the anti-inflammation genes were significantly activated (14, 37) . We also reported that NF-B inhibits PPAR␥ function. This inhibition may reduce CD36 expression because CD36 is a PPAR␥ target gene (12) . NF-B may prevent foam cell formation through regulation of lipid metabolism. To investigate the role of NF-B activation in macrophages during atherogenesis, Kanters et al. (23) used LDL receptor-deficient mice with a macrophage-restricted deletion of IB kinase-␤ (IKK␤), which is essential for NF-B activation by proinflammatory signals. These mice showed increased atherosclerosis, as quantified by lesion area measurements. This suggests that NF-B signal is required for the macrophage function. We investigated whether macrophage overexpression of p65 could improve atherosclerosis in apoE-KO mice.
MATERIALS AND METHODS
Animals. Male B6.129P2-apoEϽtm1UncϾ/J (4-wk-old) mice (apoE-KO) were purchased from The Jackson Laboratory (Bar Harbor, ME). aP2 (fatty acid-binding protein 4) promoter-controlled p65 overexpression mice (aP2-p65) were generated in our laboratory. In aP2-p65 mice, p65 is expressed in adipocytes and macrophages. ApoE-KO mice were crossed with aP2-p65, generating aP2-p65 ApoE KO mice (Tg). Twelve of the 8-wk-old Tg male mice, 12 of the 8-wk-old littermate apoE-KO male control mice, and six of the B6 wild-type controls were fed a standard atherosclerotic diet (TD 88137, 0.15% wt/wt cholesterol; Harlan-Teklad, Madison, WI) in which 42% of calories came from fat. All of the mice were housed in an animal facility with a 12:12-h light-dark cycle and constant temperature (22-24°C). The mice had free access to water and diet. All procedures were performed in accordance with the National Institutes of Health guidelines for the care and use of animals and were approved by the Institutional Animal Care and Use Committee at the Pennington Biomedical Research Center.
Nuclear magnetic resonance. Body composition was measured for fat content using quantitative nuclear magnetic resonance, as described previously (13) .
Metabolic chamber. Energy expenditure, respiratory exchange ratio, spontaneous physical movement, and food intake were measured simultaneously for each mouse, using a comprehensive laboratory animal monitoring system (Columbus Instruments, Columbus, OH) as described previously (13 Quantitative real-time RT-PCR. Total RNA was extracted from frozen tissues (kept at Ϫ80°C) using Tri-Reagent (T9424; Sigma), as described previously (14, 19) . TaqMan RT-PCR primer and probe were used to determine mRNA for cluster of differentiation 36 (CD36; Mm00432403_m1), 3-hydroxy-3-methyl-glutaryl-CoA reductase (Mm01282499_m1), 3-hydroxy-3-methylglutaryl-CoA synthase 2 (HMGCS2; Mm00550050_m1), hormone-sensitive lipase (HSL; Mm00495359_m1), lipoprotein lipase (LPL; Mm00434770_m1), liver X receptor (LXR; Mm00447996), sterol regulatory element-binding protein (SREBP; Mm00550338_m1), IL-1␤ (Mm00434228_m1), IL-6 (Mm00446190_m1), IL-10 (Mm01288386_ml), IL-1 receptor antagonist (IL-1Ra; Mm00446185_m1), TNF␣ (Mm00443258_m1), ATP-binding cassette, subfamily G member 1 (ABCG1; Mm00437390_m1), adiponectin (Mm00456425_m1), CD11␤-type 1 macrophage marker (Mm00434455_m1), arginase 1 (Arg-1)-type 2 macrophage marker (Mm00475988-ml), leptin (Mm00434759_m1), monocyte chemoattractant protein-1 (Mm00441242_m1), F4/80 (Mm00802530_ml), and p65 (Mm00501346_m1). The reagents were purchased from Applied Biosystems (Foster City, CA). Mouse ribosomal 18S rRNA_s1 (without intronexon junction) was used as an internal control. The reaction was conducted using a 7900HT Fast Real-Time PCR System (Applied Biosystems).
Peritoneal macrophages. Primary peritoneal macrophages were isolated from apoE-KO, aP2-p65, and their wild-type control mice, as described elsewhere (42) . The macrophages were induced intraperitoneally by injection of 2 ml of sterilized solution of 2% starch (85643; Sigma). The peritoneal macrophages were harvested 3 days later with 20 ml of cold PBS by lavage and then cultured in RPMI 1640 (supplemented with 10% FBS and 50 g/ml gentamicin) in a 100-mm culture dish. Three days later, the cells were transferred to chamber plates (cat. no. PEZGS0416; Millipore) for the foam cell formation.
Lipid and cholesterol test. Cells were homogenized in 500 l of PBS. The lipids were extracted from the lysate using a chloroformmethanol (2:1) mixture (41) . Triglyceride was determined using a serum triglyceride determination kit (TR0100; Sigma). Cholesterol was determined with Cholesterol Reagent (80015; Raichem) according to the instructions from the manufacturer. Serum LDL and HDL were measured with EnzyChrom AF HDL and LDL/VLDL Assay Kit (E2HL-100) from BioAssay Systems (Hayward, CA).
Immunohistostaining. Formalin-fixed aortas were processed, embedded in paraffin, and sectioned at 5 m. The slides were blotted with a monoclonal primary antibody to F4/80 (sc-71087; Santa Cruz Biotechnology) at a 1:200 dilution. A biotinylated secondary antibody (mouse IgG) in the ABC kit was used together with the AEC substrate kit (AEC101; Sigma) for a color reaction according to the manufacturer's instructions.
Immunoblot. Whole cell lysates were prepared by sonication in lysis buffer and used in Western blots, as described elsewhere (12) . Akt (sc-8312), p65 (sc-8008), and phosphorylated (p)-IRS-1 Tyr 632 (sc-17196) were purchased from Santa Cruz Biotechnology. p-Akt Ser 473 (kp24001) was purchased from Calbiochem. Fatty acid oxidation. Fatty acid oxidation was measured as described elsewhere (19) . Briefly, total [1- 14 C-labeled watersoluble metabolites were counted by sampling 0.5 ml of the aqueous phase of the lipid extraction in a scintillation vial.
Oxidative modification of LDL and foam cell formation. To generate copper-oxidized LDL (oxLDL) (21) , native LDLs (12-16-120412; Athens Research & Technology) diluted in PBS to a concentration of 2 mg/ml were incubated with copper sulphate (5 uM, final concentration) for 24 h at 37°C and then dialyzed against PBS for 48 h with a Slide-A-Lyzer Dialysis cassette (cat. no. 66380; Thermo Scientific). Primary macrophages were plated in four-well tissue culture plates (Millipore) at a density of 1 ϫ 10 5 cells/ml. The macrophages were incubated 24 h later with oxLDL (25 m/ml) for 24 h. The cells were fixed in 10% phosphate-buffered formalin. The foam cell formation was quantified with Oil Red O staining or 10 g/l Bodipy 493/503 (Invitrogen) for lipid staining. The nucleuses were stained with ProLong Gold antifade reagent with 4,6-diamidino-2-phenylindole (cat. no. P-36931, Invitrogen).
Quantitation of atherosclerosis. The mice were anesthetized with a cocktail of ketamine-xylazine-acepromazine. After bleeding, the heart was perfused with Dulbecco's PBS through the left ventricle, whereas the right-side chamber was opened to allow flow. The aorta was fixed by perfusion with 4% paraformaldehyde for 20 min and was followed by 2 min of 60% isoprophenol. The lesion was stained by perfusion with 60% Oil Red O for 15 min. The flow was drowned from the right ventricle to avoid draining into the chamber. The nonspecific staining was removed by a perfusion of 60% isoprophenol until the flow was clear. The aorta was carefully removed while still attached to the heart. Fat and connective tissue were carefully removed and cleaned.
The lesion in the aorta was quantified by scanning with an HP 7400c scanner and quantified again with NIH Image J software to get the digital signal. The upper half of the heart with the ascending aorta was dissected and paraffin-embedded. Sequential 5-m-thick sections were cut from the heart toward the aortic root. From this point, one section was picked for every 15 cuts. The area evaluated is ϳ2 mm of the proximal section of the aorta. A total of 15 sections were collected and photographed with Hamamatsu NanoZoomer Digital Slide Scanning System and quantified with NIH Image software. The fold change of Oil Red O staining was presented with eight samples for each group. For histological samples only, the vasculature was subsequently fixed with 4% paraformaldehyde. The hearts and entire aortas from all treatment groups were removed and immediately cleaned of fat and connective tissue. Aortas for biochemical analyses were frozen immediately (Ϫ70°C) without formalin fixation.
Serum cytokines. Serum cytokines were measured using a magnetic multiplex kit (catalog no. MADPK-71k-05; Millipore). IL-1Ra ELISA kit was purchased from Alpco Diagnostics (Salem, NH).
Statistical analysis. All data are represented as means Ϯ SE. Statistical significance of differences between experimental groups was determined using Student's paired t-test. A value of P Ͻ 0.05 was considered statistically significant.
RESULTS

Reduced atherosclerotic lesion formation in Tg mice.
To compare the degree of atherosclerotic lesion formation in the three groups of Tg, apoE-KO, and B6 control mice, the standard atherogenic diet was fed to the mice for 16 wk to induce the severe atherosclerotic lesions in apoE-KO mice. The mice were euthanized, and blood was withdrawn from the right ventricle, followed by a perfusion with PBS from the left atrium until the flow was clear from the right ventricle. To fix the heart and aorta, 4% wt/wt saline-buffered formalin was perfused for 20 min and then replaced with Oil Red O solution, as described in MATERIALS AND METHODS. This prevents lipid staining outside the aorta wall. The aorta and the heart were carefully isolated for analysis of lesion formation. We did not observe obvious atherosclerotic lesions in the B6 mice. We found that lesions in the aorta were reduced by 48% in Tg mice vs. the apoE-KO mice (Fig. 1A) . The lesions in the ascending aorta were reduced by 36% in Tg mice (Fig. 1B) . These results indicate that p65 overexpression in macrophages in apoE-KO mice reduces atherosclerotic lesion formation on the atherogenic diet. Reduced cholesterol in Tg mice/apoE-KO mice fed an atherogenic diet containing 1.25% wt/wt cholesterol developed severe hypercholesterolemia and atherosclerosis. To compare the extent of atherosclerotic lesion formation in the two groups, the mice were fed the atherogenic diet for 16 wk and then euthanized. Blood samples were analyzed for serum cholesterol and triglycerides. There were no significant changes in triglyceride in either group ( Fig. 2A) . However, serum cholesterol was reduced by 15% in Tg mice compared with apoE-KO controls (Fig. 2B) . Serum LDL was reduced by 15% in Tg mice (Fig. 2C) . Serum HDL was identical in both groups (data not shown). However, the HDL/LDL ratio increased from 0.26 Ϯ 0.04 in apoE-KO to 0.34 Ϯ 0.03 in Tg mice (Fig. 2D) . In clinical studies, the HDL/LDL ratio is used to predict the chances of developing atherosclerosis and heart disease. A HDL/LDL ratio of Ͼ0.3 is considered healthy. The higher ratio of HDL/LDL in Tg mice suggests that Tg mice were protected from atherosclerosis on an apoE-KO background. The reduction of total cholesterol is a result of reduced LDL in Tg mice. The basal levels of triglyceride and cholesterol were identical at 8 wk of age before the feeding started (data not shown).
PGI2 is an atheroprotective prostaglandin and a COX-2 target gene (5, 8) . We measured PGI2 expression in primary peritoneal macrophages. The PGI2 expression was higher in aP2-p65 macrophages than in wild-type cells (Fig. 2E) . We measured PGI2 in serum in apoE-KO mice and Tg mice. PGI2 was elevated in the Tg mice compared with the apoE-KO controls (Fig. 2F) . This indicates that cholesterol is converted into an atheroprotective prostaglandin in the Tg mice. This may explain the reduced cholesterol in Tg mice.
Lipid metabolism in Tg mice. We measured the cholesterol and triglyceride synthesis gene (HMG-CoA synthase 2, HMGCoA reductase, HSL, LPL, LXR, SREBP, and ABCG1) expression of Tg mice in the liver using quantitative (q)RT-PCR, and there was no difference in the mRNA level between the Tg and apoE-KO control mice (Fig. 3A) . p65 expression in liver was not changed (Fig. 3B ). This suggests that the reduced cholesterol is not due to the changes of cholesterol synthesis in the Tg mice. However, HMGCS2, SREBP, and ABCG1 mRNAs were increased significantly in apoE-KO mouse livers compared with B6 wild-type controls. We quantified cholesterol and triglyceride levels in livers. B6 mice had fatty livers and had higher cholesterol and triglyceride in the liver (Fig. 3,  C and D) . These data may explain the phenotype difference of B6 and apoE-KO mice. Cholesterol contents were slightly lower in Tg mice compared with apoE-KO controls (Fig. 3C) . We next quantified cholesterol and triglycerides in feces, and there was no difference between the Tg and apoE-KO mice (data not shown). This indicates that cholesterol absorption in the intestine is normal.
Reduced foam cell formation in the TG mice. During the pathological examination of the lesions, we examined the foam cells in the aorta with a macrophage marker, F4/80, with histoimmunostaining. Surprisingly, the Tg mice had fewer foam cells in aortic walls compared with the apoE-KO controls (Fig. 4A) . We did not observe macrophage staining in B6 controls. Because NF-B has been shown to be involved in foam cell formation, we performed in vitro foam cell formation with primary peritoneal macrophages collected from aP2-p65 mice and their wild-type controls. In the aP2-p65 macrophages, lipid accumulation was reduced compared with the macrophages from wild-type controls of C57BL/6J, as indicated by a Bodipy lipid staining (Fig. 4B) . We quantified triglyceride and cholesterol in cells with a triglyceride assay kit and a cholesterol assay kit. In the wild-type control cells, triglyceride accumulation was increased by 60% after 24 h of treatment with 25 g/ml oxLDL. Conversely, the aP2-p65 macrophages reduced lipid accumulation after the treatment (Fig. 4C ). There was a 28% increase in cholesterol in control cells but not in the aP2-p65 macrophages (Fig. 4D) . To test the effect of NF-B in lipid metabolism in macrophages, we measured CD36, a major scavenger receptor in lipid metabolism, using real-time RT-PCR. CD36 expression was inhibited by NF-B, which indicated a reduced lipid uptake by the cells (Fig. 4E) . We next measured fatty acid oxidation (FAO) in macrophages to test the capacity of the macrophages in removing the excess lipid. We found that the FAO was higher in the p65 overexpression macrophages (Fig. 4F) . This suggested that the p65 overexpression macrophages have a better capacity to remove the lipid. The results indicate that overexpression of p65 in macrophages prevents foam cell formation.
Increased energy expenditure in aP2-p65 apoE-KO (Tg) mice. The aP2 promoter-controlled p65 overexpression in fat and mice macrophages prevented high-fat diet-induced obesity by enhanced energy expenditure (37) . To evaluate the role of NF-B p65 in the protection against atherosclerosis, we measured the metabolic phenotype of the Tg mice fed a standard atherogenic diet. Body weight and body fat content were measured every 2 wk (Fig. 5, A and B) . The lean mass was identical in both groups, which indicated that they developed normally (Fig. 5C ). The body weight in both groups was identical at 21 days when the mice were weaned off the standard atherogenic diet. The body weight of the Tg mice was significantly lower than in the apoE-KO control mice due to the increased energy expenditure measured in the metabolic chamber (Fig. 5D ). There was no significant difference in food intake for the two groups. The lower body weight in the Tg group is a result of reduced fat mass and enhanced energy expenditure. Reduced fat mass is beneficial for preventing metabolic syndrome.
Increased anti-inflammation response in aP2-p65 macrophages. To study the inflammation response of p65 overexpression in macrophages, we quantified inflammation gene expression with real-time RT-PCR in peritoneal macrophages. In nonstimulated macrophages, expression of the major proinflammation genes such as TNF␣, IL-1␤, and IL-6 was higher in aP2-p65 macrophages compared with the wild-type control macrophages. In contrast, anti-inflammation genes IL-10 and IL-1Ra were overexpressed in aP2-p65 macrophages (Fig. 6A) . TNF␣ and IL-1␤ are proatherosclerotic cytokines. IL-6 was reported to have proatherosclerotic or antiatherosclerotic properties. Its role in atherosclerosis is controversial (18, 27, 32) . Although inflammation is potentially dangerous, it has a protective response that is controlled by numerous negative feedback mechanisms. Activation of anti-inflammation genes may overcome the effects of proinflammation in Tg mice. We quantified the production of cytokines in serum of the apoE-KO and Tg mice after a 16-wk cholesterol diet feeding. The production of inflammation cytokines IL-1␤, TNF␣, and IL-6 was lower in the Tg mice than in the apoE-KO control mice (Fig. 6B) . NF-B or IKK negative regulates IL-1␤ secretion (15, 28, 38) . It is well established that IKK␤ and NF-B are involved in negative regulation of inflammasome activation (15, 28, 38) . The anti-inflammation cytokines IL-10 and IL-1Ra were significantly elevated in Tg mice (Fig. 6C ). IL-1Ra is an antiatherogenic cytokine in the suppression of lesion development. Reduced IL-1␤ and TNF␣ in circulation protected against lesion formation in the Tg mice. The reduced inflammation may be a result of enhanced energy expenditure in Tg mice. NF-B p65's effects in adipose tissues. aP2 promoter is expressed in adipocytes and macrophages. We confirmed that p65 is specifically overexpressed in adipose tissues (Fig. 7A ) and macrophages ( Fig. 4E) but not in the livers (Fig. 3B) . To test the role of p65 in adipocytes, we examined adipokine expression and insulin signaling in adipose tissues. We observed that IL-1␤ and TNF␣ expressions in adipose tissues were significantly increased in Tg mice. Leptin was reduced in Tg mice due to the small fat pad. Macrophage maker F4/80 in Tg was lower compared with apoE-KO controls due to the small fat pad in Tg mice (Fig. 5B) . Type 1 macrophage maker gene CD11b was reduced in Tg mice, and the M2 macrophage Arg-1 was not changed (Fig. 7A) . Insulin signaling was examined in fat tissues. Our result suggests that insulin signaling was improved in Tg mice compared with apoE-KO controls (Fig. 7B ). This suggests that p65 overexpression in fat plays a partial role in the improvement of atherosclerosis.
DISCUSSION
In this study, we analyzed the direct effect of NF-B in apoE-KO mice, in which NF-B p65 is overexpressed in macrophages. We quantified atherosclerotic lesions in those mice on a standard atherogenic diet. The lesion size was reduced by 48% compared with littermate apoE-KO controls. This indicated that activation of NF-B in macrophages has a protective effect in atherosclerosis.
In the study of NF-B in atherosclerosis, Kanters et al. (23) generated macrophage-specific deletion of NF-B-activating kinase IKK␤ in LDL receptor-KO mice. IKK␤ deletion in macrophages inhibits NF-B activation and leads to an increase in lesion size in the aortic root. The macrophages undergo more apoptosis and necrosis in the absence of IKK␤. The deletion of IKK␤ inhibits both proinflammation and antiinflammation gene expression. IL-10, an antiatherogenic cytokine, was strongly reduced in macrophage IKK␤ knockouts. The effect of IL-10 on atherogenesis has been studied extensively using different mouse models (4, 7, 30) . Inhibition of NF-B impaired antiatherosclerotic inflammation cytokines. IL-1Ra is another anti-inflammation cytokine and an atheroprotective cytokine (20, 24) . IL-10 and IL-1Ra are antiathero- genic factors in preventing atherogenic lesion formation in mice models. In our study, we measured the expression of inflammation cytokines in overexpression of NF-B macrophages. We found that there was a strong activation of IL-10 and IL-1Ra in the aP2-p65 macrophages compared with the wild-type controls. The serum proinflammation cytokines TNF␣, IL-1␤, and IL-6 were reduced in Tg mice. IL-1Ra and IL-10 were increased in Tg mice. The anti-inflammation signal may overturn the effects of proinflammation for atheroprotection. CD36 is a major scavenger receptor and drives macrophage foam cell development by uptaking oxidized lipoproteins (10) . Absence of CD36 in apoE-KO resulted in a 70% decrease in total lesion area in Western diet-fed mice. PPAR␥ is a transcription factor that plays a key role in inducing membrane expression of CD36 (a PPAR␥ target gene) on human monocytes (9) . In our previous study, PPAR␥ is inhibited by the activation of NF-B (12) . In this study, we observed that CD36 was inhibited in the aP2-p65 macrophages compared with the wild-type controls. Reduced CD36 represents a partial effect in the prevention of foam cell formation. In the liver, lipid metabolic genes are not altered (Fig. 2E ). This suggests that lipid synthesis is not the cause of the improved atherosclerotic lesion in Tg mice.
Other than lipid uptake and synthesis in cells, lipid consumption may also prevent foam cell formation and atherosclerotic lesion formation in mice. In this study, we measured mitochondrial function in primary macrophages. We observed a significant increase in fatty acid oxidation in the aP2-p65 macrophages (Fig. 4F ). This suggests that the aP2-p65 macrophages have a strong capacity to remove the lipid and prevent foam cell formation. The Tg mice, similarly to the aP2-p65 mice, exhibit markedly reduced total body and visceral fat weight that results from increased energy expenditure. Because p65 was overexpressed also in adipocytes, we observed an increased uncoupling in brown fat in aP2-p65 mice (14, 37) and in Tg mice (data not shown). The enhanced energy expenditure is beneficial for the prevention of metabolic syndrome. This study indicates that activation of NF-B in macrophages prevents atherosclerosis by eliminating lipid accumulation on the aortic walls.
In summary, the overexpression of NF-B in macrophages ameliorates atherosclerosis in apoE-KO mice. The mechanisms are involved in increased lipid conversion and oxidation in macrophages, suggesting that macrophages in Tg mice have a strong capacity to remove the lipid for improving atherosclerosis. Our data suggest that activation of NF-B in macrophages has atheroprotective effects in mice by enhancing lipid metabolism and energy expenditure. The mechanism provides an explanation about the discrepancy of nonsteroidal antiinflammatory agents in effectively combating inflammation but augmenting atherosclerotic complications (25) .
